The effects of 30 min cycle ergometry at ~ 100 W (mean 98.9 W; range 34-151 W) in 11 male patients who had no hip involvement were studied. In most patients, exercise produced immediate increases in spinal flexibility and bilateral cervical tilt, and a reduction in pain. However, these improvements steadily waned and all had disappeared by 3-5 h. Exercise induced marked changes in the numbers of circulating leucocytes and platelets, and in the distribution of lymphocyte subsets, similar to those previously reported to occur in individuals without the disease. In a majority of patients, there were positive associations (Kendall's T test) between Schober's index and the platelet count, and negative associations between Schober's index and the percentage of CD4-positive cells over a 5 h period on the exercise day, whereas there were negative associations between the pain score and the leucocyte and neutrophil counts over a comparable period on a control day without exercise. We conclude that exercising those regions of the body unaffected by disease can elicit short-term beneficial effects by a systemically mediated mechanism(s).
in spinal mobility which otherwise might be expected to occur (for a review and discussion, see [5] ). The mechanisms underlying the beneficial effects of exercise in AS patients are not well understood, partly because many exercise programmes result in patients exercising not only those regions of the body which are affected by the disease, but also those which are unaffected, and it is not yet clear to what extent exercising the unaffected regions may contribute to the overall effects that have been seen.
Acute exercise induces many physiological changes including alterations in the levels of the 'stress hormones', and in the number and distribution of peripheral blood lymphocytes. Catecholamines produced during exercise are probably responsible for the immediate leucocytosis and redistribution of lymphocyte subsets, whereas cortisol is probably responsible for the delayed neutrophilia, lymphopenia, monocytopenia and eosinopenia which occur some hours after the end of exercise [6] . Cortisol also has well-known anti-inflammatory properties and /?-endorphins, which are produced with largely similar kinetics to cortisol, have analgesic effects.
Anecdotal evidence from some AS patients suggests that brief (~ 30 min) exercise involving only those regions of the body unaffected by disease (e.g. the legs whilst cycling) can improve spinal flexibility and reduce back pain for several hours afterwards. If this is true, then it is likely that the short-term beneficial effects of exercise under these circumstances are a consequence of the systemic changes induced by exercise. It seemed worth attempting to verify this observation because the information gained would be useful when making recommendations concerning the nature and level of exercise to AS patients. Further, because the inflammatory mechanisms in this disease have an immunological basis, we hypothesized that the systemic effects of exercise might be consequential to changes in the number and distribution of leucocytes in the vascular compartment. We have therefore monitored standard indicators of disease activity/severity and measured not only routine haematological parameters, but also circulating lymphocyte subsets and the expression of leucocyte adhesion molecules in AS patients, before, at the end of and for several hours after 30 min cycle ergometry, and at similar times during a control day without exercise. We investigated whether exercise-induced changes in the clinical estimates of disease activity were associated with changes in the peripheral blood leucocytes.
PATIENTS AND METHODS

Patients
Eleven male patients with AS from among those attending the Rheumatology Department of the Royal London Hospital were studied. None had hip or leg involvement or had any contraindication to exercise; all except one regularly took non-steroidal anti-inflammatory drugs.
Two patients took no regular exercise beyond their normal daily activity, four did stretching and bending exercises for an average of 40 (range 20-60 ) min each day, four went jogging or played recreational sports, e.g. football, for an average of 20 (range 17-270) min each day and one trained intensively, swam vigorously or played squash for ~ 60 min each day.
Study protocol
Between 9.15 and 9.45 a.m., a plastic cannula (Jelco, Code No. 4056; Criticon, Ascot) was inserted into the patients' antecubital vein and kept patent with Heplok (Leo Laboratories Ltd, Aylesbury, Buckinghamshire). Approximately 10 min later, their physical characteristics were measured and a clinical assessment of disease severity/activity was made by one observer using standard objective methods (150 mm Schober index, fingers to floor distance in forward flexion, bilateral cervical tilt, chest expansion, occiput to wall distance measured standing with heels and back to wall, and 100 mm visual analogue pain score). Measurements of lung function were also made using a Microloop (Rochester, Kent) flow-volume loop spirometer, interfaced to a microcomputer (BBC Master, Acorn Computers, Cambridge). All measurements were made in triplicate and the mean recorded.
A resting blood sample was taken (/ = 0 min) when the patients were seated on an electronically braked cycle ergometer (Minjnhardt KEM 3; Cranlea Medical Instruments, Birmingham) which had raised hand grips so that an upright posture could be comfortably maintained. The patients then pedalled at between 60 and 80 rev/min at a work load which, on the basis of their age, physical characteristics and amount of exercise taken over the previous few months, it was anticipated that (i) they could sustain for 30 min but little longer and (ii) would cause their heart rates to rise to between 150 and 170 beats/min by 30 min; when necessary, the work load was adjusted slightly during the exercise period. The electrocardiogram was monitored continuously with a cardiac monitor (Model 302; Reigel, Morden, Surrey) with 'Node Crest' modification and heart rate was collected by counting square wave pulses on one line of the digital port in the computer; respiratory gas exchanges were also measured and recorded [7] . All patients except one (patient number 10) completed 30 min exercise.
Further blood samples were taken during the last minute of exercise (f = 30 min) and at \, 2, 3, 4 and 5 h. Clinical assessments of disease activity were made immediately after finishing exercise and at the times when later blood samples were taken. On a control day without exercise, blood samples were taken and clinical assessments made at times equivalent to Omin, and J, 3 and 5 h on the exercise day. The two study days were between 1 and 4 weeks apart.
Approval for the study was given by the local Ethics Committee and all patients gave their written informed consent.
Haematological analyses
One millilitre of each blood sample was anticoagulated with K 3 EDTA and stored at 4°C until routine haematological parameters were measured up to 6 h later using an H-2 (Technicon Instruments Co., Basingstoke, Berkshire) automated haematology analyser. Other portions (0.5 ml) were used for flow cytometric analysis of leucocyte surface antigens (see below).
Cell labelling and flow cytometry
Leucocyte samples were prepared and labelled largely as described previously [8] . Briefly, 0.5 ml freshly drawn blood (without anticoagulants) was fixed with 0.2% formaldehyde at 37°C for 4 min, the erythrocytes lysed with ammonium chloride, and the leucocytes collected by centrifuging, washed and resuspended in lOmM HEPES buffered Hanks' balanced salts solution, pH 7.3 (HHBSS). Leucocyte samples (50 /jl) were then labelled with undiluted fluorochrome-conjugated antibodies (3 fi\) for 10 min at 4°C, washed, resuspended in phosphate-buffered saline containing 1 % formaldehyde and examined using an Epics FV flow cytometer (Coulter Ltd, Luton, Bedfordshire). Cursors were set using isotype-matched negative control antibodies so that no more than 3% of the cells were stained positively with the control antibody Leucocyte subclasses were distinguished by their location in plots of forward light scatter versus side light scatter. The percentage of cells which stained positively and their mean fluorescence intensity were recorded for each sample. All antibodies used were obtained from Becton Dickinson (Cowley, Oxfordshire).
Statistical analyses and presentation of results
Because there are circadian rhythms in both the symptoms of AS [2] and in blood cell parameters [9] , the effects of exercise were examined by comparing the changes observed on the exercise day with those observed at similar times on the control day. However, the data were not analysed by comparing the values for each variable at similar times on the exercise day and the control day, because this approach takes no account of the fact that the values at each time point are from the same individuals and consequently it is difficult to interpret the multiple non-independent P values that would arise from such analysis. Instead, the first measurement (at time zero, or t = 0 min) for each variable was taken as the baseline measurement. The remaining measurements taken in the period J-5 h were taken as 'post-treatment' (exercise or control) measurements. It was thought that the average of these measurements would be a good indicator of the average effect, over a period of several hours, of exercise (or of no exercise). This was the main analysis, but for interest and in case shorter lasting changes or delayed effects were not revealed by this procedure, changes from baseline at individual time points were also compared on the exercise and control days. Changes from the baseline in each of the study days were computed. Both absolute changes and relative changes (percentage log change) were calculated and, in most instances, neither was shown to have a normal distribution. The results were therefore expressed in terms of absolute changes, and summarized using medians and interquartile ranges. In addition, the differences in the changes from baseline between the two study days (i.e. change during exercise day minus change during control day) were calculated. Significance testing and estimation were carried out using non-parametric methods: Wilcoxon signed ranks test (for paired data) and confidence intervals for the median. Possible associations between changes in one variable with changes in another variable in each patient, at the corresponding time points over the 5 h period, were sought. The pattern of significant correlation results would allow for an assessment to be made of the consistency and between-patient variation of the association between the variables. Kendall's T rank correlation test was used, as several of the variables had markedly non-normal distributions and the sample sizes were small. P values are reported uncorrected for the number of comparisons or correlations made and this must be borne in mind when interpreting the results.
Moreover, as there was substantial inter-individual variation in the response to exercise, plots of summary measures cannot be considered a good descriptor [10] . In consequence, we have presented the results for each subject separately. 
RESULTS
Patient baseline characteristics
Anthropomorphic and clinical details of the patients studied are given in Table I . None had unusual or exceptional physical characteristics. All were fairly typical of younger males with AS, except that they had been chosen to have no hip involvement. Only three patients were unable to place their occiput against the wall so this measurement was not included in the statistical analyses (see below).
Physiological changes during exercise
Mean values in the first 2 min, the last 2 min and throughout the duration of exercise, for work load, heart rate, respiratory exchange ratio and oxygen consumption for all patients are given in Table II . All patients except one (number 10) completed 30 min exercise and had heart rates which exceeded 150 beats/min in the last 2 min of exercise. Most had mean respiratory exchange ratios during exercise of 1.10 or lower, although one patient had a mean respiratory exchange ratio of 1.27. Only two patients (numbers 4 and 9) could have continued at the chosen work load for more than a few more minutes.
Changes in flexibility due to exercise
Immediately after 30 min cycle ergometry, most patients showed modest improvements in clinical measures of flexibility by comparison with the changes recorded over a similar time on the control day. Ten patients had increased spinal flexibility measured by Schober's test, nine were able to place their fingers closer to, or further beyond floor level, seven had an increased chest expansion, eight had an increased cervical tilt (Fig. 1) and the occiput to wall distance was decreased (by 5, 16 and 50 mm) in those patients (numbers 1, 5 and 11, respectively) who were unable to place their head against a wall (results not shown). In the column headed 'Difference', the median differences for the changes from baseline (change on exercise day minus change on control day) on the two study days have been computed and 95% confidence intervals (95% CIs) are given in parentheses. Wilcoxon's signed ranks test (WSRT) was used to assess the significance of any difference in changes from baseline between the two study days.
Fewer subjects (five) reported a reduction in pain associated with the disease, but only one reported an increase (Fig. 1) .
There was considerable inter-individual variation in the pattern of changes during the time in which patients were observed after exercise, but in most instances flexibility parameters and pain score had returned to their pre-exercise or control day values by 3-5 h.
Analysis of the results showed that there were differences in the baseline measurements (t = 0 min) on the exercise and control days (Table III) . Consequently, Exercise day changes from baseline for the average of measurements made in the 'post-treatment' period (30 min-5 h) were computed for each patient for both study days and the resultant values for the control day subtracted from those for the exercise day. The median values and 95% confidence intervals for these differences are also given in Table III . Statistical analysis showed that differences between the 'post-treatment' values on the 2 days for cervical tilt were significant (P = 0.033) and for Schober's index approached significance (P = 0.08), but that differences in other variables were non-significant. To investigate whether exercise led to any shorter lasting improvement or whether it had a delayed effect, similar comparisons were made at single time points (J, 3 and 5h). For this purpose, the measurements made at Jh on the control day were subtracted from those made at 30 min on the exercise day; a procedure which, although not strictly correct, should not introduce significant errors because the variables concerned changed little over a 15 min period on the control day. Differences in the median values for the change from baseline on the 2 days indicated that exercise induced improvements in all of the flexibility parameters at Jh (i.e. 15 min after the finish of exercise), but the magnitude of these improvements waned in the succeeding few hours. The interquartile ranges both for the basehne measurements and for the changes seen on each day were large. The only differences which reached significance (P < 0.05) were increases in the Schober index and in cervical tilt at J h (Table IE) .
No marked changes occurred in any of the lung function parameters on either the exercise or control days (results not shown).
Changes in circulating blood cell numbers due to exercise
An increase in the circulating leucocyte count which was attributable to increases in both lymphocytes and neutrophils occurred in all subjects after 30 min cycle ergometry. In the 15 min after the end of exercise, the leucocyte count fell towards its pre-exercise level, but in most patients rose again later due to a delayed neutrophilia which peaked at different times in different patients. Exercise also caused a transient increase in platelet numbers (Fig. 2) . All of these changes reached significance at Jh (i.e. 15 min after the end of exercise) and many were still significant or close to significance at 3 and 5 h, but only those for leucocytes and neutrophils were significant (P < 0.05) when the 'post-treatment' average (j-5h) was used (Table TV) .
Changes in lymphocyte subsets due to exercise By comparison with their pre-cxercise levels, exercise was associated with small decreases in the numbers of circulating CD3-positive cells (T cells) in seven patients, but small increases in two others. The number of circulating CD4-positive cells was decreased in all patients, but the number of CD8-positive cells was increased in three patients and essentially unchanged in the remainder. Consequently, the CD4: CD8 ratio was also decreased in all patients (results not shown). Only minor changes occurred in the numbers of CD19-positive cells (B cells) and in the CD3:CD19 ratio (results not shown). Marked increases, however, occurred in the numbers of CD 16-, CD56-or CD57-positive lymphocytes (NK cells) and in CD8/CD57 dual positive cells in most patients. In many instances where exercise had caused a sudden change in the number of circulating cells of particular lymphocyte subset, the effect was reversed in the following Jh (Fig. 3 or not shown) .
Leucocyte adhesion molecules
No marked changes occurred during the 5h study periods on either the exercise or the control days in the expression (both the percentage of positively staining cells and their mean fluoresence intensity) of the CD1 la and CD 18 antigens on lymphocytes, and of the CD1 lb, CD 16 and CD 18 antigens on neutrophils (results not shown).
Associations between changes in different clinical measurements and between peripheral blood cells and clinical measurements
To assess the extent to which changes in one parameter of flexibility might be related to changes in another, to changes in the pain score, or to changes in peripheral blood cells, associations were sought between the changes in these variables from t = 0 min values both on the exercise and the control day. The results presented in Table V suggest that there are no simple correlations between changes in the different variables which are maintained on both the exercise and control days.
On the exercise day, the strongest associations were between the Schober index and fingers to floor distance (negative in 11 patients), cervical tilt (positive in nine patients), platelet count (positive in 10 patients) and the percentage of CD4-positive cells (negative in eight patients). On the control day, the strongest associations were between the pain score and the leucocyte count (negative in eight patients), the neutrophil count (negative in seven patients) and the percentage of CD4-positive cells (positive in eight patients) and between the ringers to floor distance and the CD3 count (positive in eight patients).
DISCUSSION
In this study, we have investigated anecdotal reports from AS patients that brief moderately intense exercise involving only those regions of the body unaffected by disease can ameliorate for a short while some of the symptoms and pain localized elsewhere. In addition, we have examined whether any possible beneficial effects of exercise of this nature are related to exercise-induced changes in circulating leucocytes. Cycle ergometry was employed, because firstly it was a form of exercise which patients could safely perform at moderately high relative workloads and, secondly, the changes induced in stress hormones and circulating leucocytes by exercise of different intensities and duration in control subjects are fairly well known [6] . The work load chosen for each patient was one which it was estimated that they could just sustain for 30 min. This indeed proved true for eight out of 11 patients; patient number 10 who ceased earlier was a heavy smoker and complained of leg pains, whereas patients numbers 4 and 9 who could have continued for longer were both fairly well trained. Although in the present study plasma hormone changes were not measured, the work loads chosen were likely to have lead to substantial rises in the plasma concentrations of cortisol and the catecholamines [6] .
Our clinical observations showed that there were considerable inter-individual differences in the response to cycle ergometry, but that most patients experienced some immediately beneficial effects. For the whole group, improvements at J h (i.e. 15 min after finishing exercise) in Schober's index and in cervical tilt were significant at the P < 0.05 level, and for reaching to the floor and chest expansion were significant at the P < 0.1 level. It is worth noting, however, that reaching to the floor is a composite joint movement, originating from the hips as well as the lumbar and thoracic spine. Thus, it would involve regions of the body which had, and had not, been exercised during cycle ergometry.
The improvements in all indices waned gradually so that none were significant by 3 or 5 h. In only two indices, i.e. cervical tilt and Schober's index, were the improvements significant at the P < 0.05 and 0.1 level, respectively, when averaged over the entire 5 h study period. At no time was there a significant diminution in the pain score.
Marked increases in the leucocyte count were seen both during and after exercise which is completely in accordance with earlier observations [6] . Furthermore, the magnitude of these changes strongly supports the notion that the work load and duration of exercise were likely to have caused substantial increases in the plasma concentrations of the stress hormones. Exercise also caused small changes in the ratio of CD4-to CD8-positive lymphocytes and larger changes in the numbers of cells with a natural killer phenotype (CD 16, CD56 or CD57 positive) and also in dual CD8/CD57-positive lymphocytes, which in most instances reverted to their pre-exercise values by 3 h. Essentially similar changes have been reported previously to occur in healthy subjects who exercised at similar work loads for similar durations. There was no evidence, however, that exercise caused any change in the distribution of the adhesion molecules CD1 la/CD 18 on circulating lymphocytes or of the adhesion molecules CD lib/ CD 18 or the IgG receptor (CD 16) on circulating neutrophils.
Probably the most important findings linking changes in peripheral blood cells with changes in clinical measurements were the negative associations between the pain score and the leucocyte and neutrophil count on control days, and the positive association between the Schober index and the platelet count on exercise days. Why these associations were not maintained on both days currently presents a paradox. However, that changes in the percentage of CD4-positive cells were associated positively with changes in the pain score on control days and negatively with changes in the Schober index on exercise days, does seem consistent with increases in the numbers of circulating CD4-positive cells occurring concurrently with increases in the severity of symptoms of the disease.
Our results, therefore, only partly support the anecdotal evidence that prompted this study, in so far as we have been able to demonstrate that brief moderately intense leg exercise resulted in short-lived increases in spinal flexibility, but not a statistically significant decrease in pain. The mechanism responsible for increasing spinal mobility has yet to be elucidated, but it seems unlikely to involve circulating leucocytes or platelets. An alternative which warrants further investigation is the exercise-induced rise in plasma cortisol which can peak some minutes after the finish of exercise and which can take some time to decline [6] , although, paradoxically, exogenous cortisol is of little therapeutic benefit in AS. The relatively small magnitude and short duration of the improvements in flexibility would indicate that such exercise would need to be performed regularly to gain consistent benefit.
However, regular aerobic exercise of this nature could be safely recommended to AS patients without hip involvement (as indeed it is to others) as a means of improving or maintaining their cardiovascular fitness.
